Irritable bowel syndrome (IBS) is a common gastrointestinal disorder in which the underlying pathophysiology is poorly understood; however, increased intestinal permeability in diarrhea-predominant IBS patients has been reported. Here we demonstrate that diarrhea-predominant IBS (D-IBS) patients display increased intestinal permeability. We have also found that increased intestinal membrane permeability is associated with visceral and thermal hypersensitivity in this subset of D-IBS patients. We evaluated 54 D-IBS patients and 22 controls for intestinal membrane permeability using the lactulose/mannitol method. All subjects ingested 5 g of lactulose and 2 g of mannitol in 100 ml of water after which their urine was collected. We also evaluated the mean mechanical visual analogue scale (M-VAS) pain rating to nociceptive thermal and visceral stimulation in all subjects. All study participants also completed the FBDSI scale. Approximately 39% of diarrhea-predominant IBS patients had increased intestinal membrane permeability as measured by the lactulose/mannitol ratio. These IBS patients also demonstrated higher M-VAS pain intensity reading scale. Interestingly, the IBS patients with hypersensitivity and increased intestinal permeability had a higher FBDSI score (100.8 ± 5.4) than IBS patients with normal membrane permeability and sensitivity (51.6 ± 12.7) and controls (6.1 ± 5.6) (p < 0.001). A subset of D-IBS patients had increased intestinal membrane permeability that was associated with an increased FBDSI score and increased hypersensitivity to visceral and thermal nociceptive pain stimuli. Thus, increased intestinal membrane permeability in D-IBS patients may lead to more severe IBS symptoms and hypersensitivity to somatic and visceral stimuli. Ó
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Introduction
Irritable bowel syndrome (IBS) is a common gastrointestinal disorder seen by gastroenterologists and is estimated to affect up to 20% of the U.S. population. Even though the pathophysiology of IBS is unclear, visceral hypersensitivity is an accepted biological marker of the disorder [22, 38] . Despite the fact that IBS is one of the most common gastrointestinal disorders in the United States, the pathophysiological mechanisms of pain and hypersensitivity in IBS are not well understood. It is now well established that some patients with IBS demonstrate enhanced perception in response to brief phasic distension of the gut lumen, or visceral hypersensitivity [22, 27, 39, 41] . Visceral hypersensitivity is a biological marker in some IBS patients and may account for symptoms of urgency, bloating, and abdominal pain experienced by patients with IBS.
The cause of visceral hypersensitivity is unknown but several mechanisms have been postulated and include triggering events such as inflammation, psychological or environmental stress, and post-injury sensitization [12, 24] . The effects these triggering events have on primary visceral afferents are now starting to be better understood.
Although hypersensitivity has been thought to be limited to the gut, many patients with IBS frequently complain of pain in body regions somatotopically distinct from the gut, suggesting that central hyperalgesic mechanisms may be involved [12, 22, 40] . Interestingly, several studies have shown that IBS patients demonstrate hyperalgesia to nociceptive stimuli applied to somatic tissues [4, 10, 39, 41] . These results suggest that visceral and somatic nociceptive processing overlap, particularly in the lumbosacral distribution, as a result of viscerosomatic convergence. Thus, tonic input from the gut may sensitize spinal cord neurons that have viscerosomatic convergence and exhibit somatotopic overlap with the gut.
Several studies have now shown that patients with diarrheapredominant IBS have increased intestinal membrane permeability [9, 35, 36] . This increased intestinal permeability may be due a 
